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of  Iba  Imafit  m  tba  raproduction,  ot  whtch  may 
Mfnificantfy  chanfi  tba  usual  matbod  of  fllmkif ,  art 
tbackad  balo«r. 
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raproduita.  ou  qui  pautiant  axifar  una  modification 
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Th«  copy  film«4l  h«r«  Hm  bMfi  r«prodM««<l  thankt 
to  th«  o«n«ro«itv  of: 

Motropolltan  Toronto  ^^mUfnc*  Library  '^ 
Baldwin  Room 

Th«  Imagaa  appearing  hara  ara  tha  baat  quality  "^ 
poaaibia  oonaldaring  tha  condition  and  laglblllty 
of  tha  -original  copy  and  In  kaaping  with  tha 
filming  oontraot  apaolfloatlona. 


Original  ooplaa  In  printad  papar  oovara  ara  fllmad 
baglnning  with  tha  front  covar  and  anding  on 
tha  laat  paga  with  §  printad  or  illuatratad  Imm^aa- 
alon.  or  tha  back  oovar  whan  approprlata.  Air' 
othar  original  ooplaa  ara  fllmad  baglnning  on  tha 
firat  paga  with  a  printad  or  Illuatratad  Impraa- 
•lon,  and  anding,  on  tha  last  paga  with  a  printad 
or  Illuatratad  Impraaalon. 


Tha  laat  racordad  frama  on  aach  microflcha 
shall  contain  tha  symbol  -^>  (moaning  "CQN- 
TINUED").  or  tha  symbol  ▼  (moaning  "END"), 
whiohavar  appllas. 

Mapa.  plataa,  charta,  ato..  may  ba  fllmad  at 
diffarant  raduotlon  ratloo.  Thoaa  too  larga  to  ba 
antlraly  Includad  In  ona  axpoaura  ira  fllmad 
baglnning  in  tha  uppar  laft  hand  cornar.  laft  to 
right  and  top  to  Jsottom.  as  many  f ramas  as 
raquirad.  Tha  following  diagrams  illustrata  tha 
mathod: 


L'axamplalra  fllm4  fut  raprodult  grtoa  Ato 
g4n4roslt4  da: 

Matropolitan  Toronto  Rafaranca  Library 
Baldwin  Room 

*        . 

Laa  Imagaa  suhrantaa  ont  4t«  raprodultaa  avac  la       ^ 
plus  grand  soln.  compta  tanu  da  la  condition  at         # 
da  la  nattat*  da  I'aiiamplaira  film*,  at  an 
oonformHA  avac  laa  conditions  du  oontrat  da 
fllmaga. 

Laa  axamplalraa  orlglnaux  dont  la  oouvartura  9n 
paplar  aat  ImprlmAa  sont  fllm4s  ^n  commandant 
par  la  pramlar  plat  at  an  tarmlnant  solt  par  la 
darntora  paga  qui  comporta  una  ampralnta 
d'Impraaslon  ou  d'lllustratlon.  solt  par  la  sacond 
plat,  salon  la  caa.  Tous  laa  autraa  axamplalraa       ^ 
orlglnaux  sont  fllmAa  mn  commandant  par  la 
pramMra  paga  qui  comporta  una  ampralnta 
d'Impraaalon  ou  dllluatratlon  at  an  tarmlnant  par 
to  da<*nl*ra  paga  qui  oomporta  una  talto 
ampralnta. 


Un  jdaa  symbolaa  aulvanta  apparattra  aur  la 
darniAra  Imaga  da  ehaqua  microflcha.  falon  la 
cas:  la  symbols  -^  algnlfia  "A  SUiVRE".  la 
y  aymbola  ▼  slgnifla  "FIN". 


Laa  oartaa^  ptonohaa.  tdbtoauK,  ato..  pauvant  itra 
filmAa  A  daa  taux  da  rMuotlon  dIffAranta. 
Lorsqua.  to  documanf  aat  trop  grand  pour  Atra 
raprodult  w  un  saul  cllehA,  llaat  fllmA  A  partir 
da  Tanjila  supArlaur  gauoha,  da  gaucha  A  drolta. 
at  da  haut  •n  baa.  ^n  pranant  to  nornbra^ 
d'imagaa  nAoaaaaira.  Laa  diagrammoa  aulvanta^ 
illuatrant  to  mAthoda. 
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TO\A/N   OF   PORTLAND. 


ON    TIIK    FORMATION    OF    ANOIIOR    ICK, 
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GHLi3inuT  AitmiD'fcaii,  ejs^icjj,,  o^  ei. 


8AINTAJ011N,  N.  11. : 

DAILY   NRWh"    steam   JOB   PBIKT,    CANTKUmiRY    STREET, 

1881. 
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|toppaflt  of  ^alfr  |upplij  bj  liichor   jitf. 


2Tov«>XLl9«r  aazxdl,  1««0. 


KiH|in«arinu  D«|>Nrlmanl.  ll«war«ii«  nnd  Wttlar  Work« 

Haiht  Joiiw,  N.  II.,  Dw   Mtli,  I  MHO. 

EDWAUD  R.  MKJKIIART,  Kiwj., 

C'AnirwMn  Cutntttianimert  Seictmyt  and  H'aUr  SufiiUy , 

DiAii  Hin, — Oil  MoiuUy  Hvoniiig  tlio  '22n<l   ultiiiio,  lh«*  ■#|»|*ly 
i)f  water  to  the  City  nnd  Town  of  Portlmiul  Nuddttnly  cviiiicnI.     I 
wiM  Hitting  in  my  Offioo  nt  the  tiino  (0  i>.  m.,)   untl  bad  my  nl 
tuntion  drawn  to  th<i  troubli)  by  tho  ri'tigiiig  of  thn  pniNiiuri<  Ainriii. 

Immediate'  it«|Ni  were  taken  to  aacortain  the  cAtme.  Hoiim  uf 
tht)  mon  ha<l  loft  th<*  |>i|M)  yard  for  homo,  tiut  not  nil,  nnd  thoNr 
iiint  t'uiiiainu<l  wttre  iwuit  out  in  haato  to  bring  Imck  tho  otlivnt  nt 
once.  Am  aoon  m  thny  roturiuMl  ordom  wore  given  to  hnvi^r^ory 
NiiK{H)ct<Hl  placu  tMiarohetl  for  leakage,  na  thia  wait  hu|i|h>mi>i\  to  Iw 
tho  oauao  of  tho  failure.  Pattioa  were  lent  out  nlmoat  miiiuI- 
taneoualy  to  all  the  low  lying  parta  of  the  City  and  Portlanl  mid 
ulong  the  main  pipe  line  ;  and  at  10.' in  p.  m.,  Mr.  Walkoll  ru- 
tumed  with  the  alarming  intelligence  that  thera  waa  no  i  iter 
ontering  the  Gate  Houae  at  little  Uivor,  an4  tliat  tho  latii  i  hh 
well  aa  the  oulyert  leading  thereto  ap[>earod  to  bo  choked  with  ico. 

Thia  waa  a  new  oxperieuco  in  connoction  with  our  works  aid  a 
greatly  more-  aerioua  one  than  an  oixiinary  break.     Tho  nigliMwna 
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Ttm  lUiiKt't   (lotn  lirr   in  t|i««  Cil)-  oti  Mich  ti  iilnlit  w«ii  tfr«nl  nrul 

|l|0  ri.'Mttll.     Willi     llil   Wtllfl    ttlll     MMt  tl    Itn     VkltN    ImJiI     lit     llll'      l,«<il|ll(l»t 

.HlM«<^t    ••*«rr«uii,  mhh    finirfiil    tn  i-otil>Mii|iUUt  ,  Nlul    llii<r<<    M(i«tlii>. 
iitltUliiHinl  itmt^nr  of  ihit  Mif I  Ui-  or  "  f iii«U  "  in  iImi  Ontn  limiMi 
(«it<l  ('Mhi<rt  lifcomiMM  iM»li<lill<Nl  mimI  intiiiiK  otf  ili(<  4)i|*t''x  '«»' >*m 

ill<t<'flllilr*  |Mi|tiH|         rt<)lll|il    rictimi    W««    lHI|K«rnll«>'lv    lir.'funHfv    nt 

r\«'n,  link  (IIhI  ••<«•«». 

Milltv    III    itli'    •'\('ll|llg    I    liMlllii.l    |||)>  ( 'tlM'f   Kht(llM>r>l    itf    IIki   Kill* 

l.)><|initiiM«iit  uf  ilu'  fnUiiic  «»f  (Itc  i«u|»ply  i«tul  iii  itmiftt  v»i(fi  liim 
rirruMgitl  »o  IhiM  ilm  wnli-i  in  iIm*  l<»iiiNtt*r  utrwt  iiwuoir  f«»r  lln' 
'  l>rut«wtion  ni  iIm*  "  HUrk  Mmum*  •iiintiiiil  utut  »  iniiimt  «i|  miy 
r.MM)  ui  I.VMt  fift  til  Ml  Wn  Mil,  'Thv  Mop  t'drkn  tM.in«N<t  «liii« 
•niK'riCfni'y  wi'r«  ihIjiinUnI  wliitii  MMrrl^  wife  l>««iii|f  niNilr  for  tlir 
i'iiiiM«  of  tlin  MtuiiiMKi'  XihI  ti«<n}  I  limy  i'a|i<<nt  wlmf  t  hiiw> 
NMiil  on  otlu'i  iNTRMioiiii,  tliiit  tli«  WMtoi'  h<>l«l  in  th«*  i fitrrvotr  i*  oiily 
VAluabln  M  N  tupfiUiMiititl  iiu|i|iiy,  in  itM  own  vicinity,  iin<l  momI  I 
not  hiivi>  iNwn  ii<l4ff|Uftl(i  to  All  th(«  «Hii|i(y  |ii|M*ii  nitil  fiii-niHli  nny 
cuntinuoits  ini|i|tly  for  Hiv  |iur|KMirfl  IiacI  Hticti  iMMn  riH{uiri*<|  on  tin* 
night  in  quoMtion  :  tlit*  rf»qiiir«>in<*nt«  of  ib«  city  hnvc  mi  fni  out* 
Krown  («luriti((  tKi<  litMt  \\\  vtMni)  ttn  gnrnti'iit  cit|i<t<ify 

Tli«  iu>cc«<iiiwry  t<K>li«  niiil  H|i|iliHiu*(«M  wnr»'  <'o||«<rU<«|  ai  ouc«  iiiut 
cunvnyonct'w  fc«in»l  for  the  ini>n.  Hy  iniilnight  tlio  work  of  clmn- 
ing  hiul  comini'nrisl  'luul  l»y  2  a  m.  th«t  inflow  fnmi  th«iculvt«rt  hiul 
|M)i-c<tptil»ly  incrim*H!Nl.  Thin  gwvfl  fincoiimgnmmit  to  tlii«  iii««n  iuhI  tin* 
work  of  ckmriiig  wun  proMi«ciiti««|  with  H'iiowp«l  vigor,  Th<»  inllow 
eonttniuHl  to  incr(>nMe,  luui  by  H  a.  M.  tho  gr«Mitiir  juirt  of  tho  Uato 
HouHo  ico  WON  gono  nnil  tho  fr4H«xiiig  cold  wal«r  which  apiienrod 
to  fill  tho  culvert  nnd  Onto  Hoiiim«  well,  had  hvon  (liRplacod  by 
wurtntr  cnrront*  from  umlor  thi»  ic«»oovor«Ml  yttain  of  tho  i-o«orToir.« 

(hit- CKy  hni  Ihk)!!  NUpplifxl  with  lAkti  and  Rivor  water  for 
fully  forty ihrtt  yoain  (13  from  Lily  Lake  and  30  from" 
Littio  Rivor,)  aiul  thin  in  tho  tirat  instance,  during  tho  whole  of 
that  tiinw,  of  trouble  arising  from  "ofMAortctf."  The  prolmblu 
phyvical  circumatancea  or  cauMM  which  led  to  tho  intomiption  will 
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\m  notitiMl  moiv  fully^h)ii-«»iift«r,  but  in  tlm   m««Nii  tim««  it  nmy  im 
wnll  to  pine*  on  irncoixl  thi'  ntoAniiiMi  tnkiyi  to  ovcrroinA  th«  «lilfl 
jnilty  (»n<l  kw»p  Uio  tn»i««ii  of  noft  filiimiN  lee,  in  ih«  ciilvnt  »uiil 
(Uto  llouM*,  from  Nolii lifting 

Tbn  flnit  hU^p  tukcn  wrn  to  o|Min  lh<)  gato  on  (ho  ^nl(>t  rn<l,<tf  tlm 
oiilvnrt  to  it*  fuUiwt  ca|Moity  ;  noxt  to  romovp  thn  Nti-nincm  from 
thotr  pUo«H,  in  th<*  contrt)  of  tho  (Uto  Houno,  nnd  loMtlj  to  o(n<h 
tlio  ypkUm  or  Htop  om'kn  on  \]w  24  incii  entorgoncj  or  fluNliing  pi|N\ 
which  Ii'ikIh  from  tho  l)ottont  of  tho  i-woiving  ohnntlior.  Thin 
|»i|NV  it  ni|y  Jm*  rnnmrkHl  wnn  plHc««<l  in  I8AH— twwnty  two 
ycwim  ii|p>—  with  a  vii>w  to  onipty  th««  <}ut««  llonN©  woll,  or  tho 
Hworvoir  ItHolf  if  nowl  wrro,  lui^  to  iiMH«t  uny  othfr  oniorgonfy 
wliich  migiit  iiriMe,  rc<|uiring  for  luifety  n  K|KM>«ly  withdrawn!  «>f 
ihfl  wAter  or  m  (piiokoning  of  tho  ciirrvnt  for  lIuHhing  puiiioM'N. 
Tho  utrnN^t  wnN  not  apiwrent  for  Munto  tiuio,  hut  ultimately  it  lie- 
gun  to  iihew,  and  by  2  A.  M.  (23rd)  tho  groutor  |Mirt  of  tho  Hoftor 
ice  in  tho  weiitorn  division,  or  outlet  wido  of  tho  (Uto  Houho, 
(marked  A  on  ac^companying  pUnn,  Hheet  1  nnd  'J),  hnd  diHApptnir 
od  nnd  tho  water  had  gainoil  nutlioient  ittrongth  nnd  volunio  to 
riite  to  the  City  Hupply  main  (B)  which  \*  pliipe<l  nbotit  5)  foot 
ttlwvo  tho  Itottom  of  tho  woll. 

Thoro  wan  atill,  howovor,  a  largo  tpuuitity  of  ico  in  Ix/th  •lianilioi'H. 
In  tho  woHtorn  or  outlet  one,  it  clung  tonnciouHly  to  th«  wallH  nnd 
gnto  ro<lN  nnd  flonto*!  in  h^  MI>ongy  mnHROM  in  tho  inlot  or  oftHtom 
chamber,  making  tho  water  thick  i^nd  hIuhIit.  Aft(>r  an  hoUiN 
trial  it  ))ocamo  apparent  thnt  Homothing  nioro  hnd  to  \h>  <lone  to 
quicken  tho  velocity  and  reatore  the  worka  to  their  nonnnl  con- 
dition. 

Tho  flushing  gatea  weie  ngain  oiH»n«<l  nnd  all  tho  inflowing 
wat«r  allowe<f  to  run  off  oa  quickly  as  it  come.  TTiia  of  coui-ae  hod 
a  wearing  action  on  tho  soft  ice  and  tbo  inflow  bognn  again  to 
increase.  While  thia  was  going  on  a  stage  wna  made  and  n  man 
lowered  into  the  weatorn  or  lower  veil  (A)  of  the  Onto  House  to 
cut  an  opening  in  tlie  planking  (aa)  which  hold  the  frame  work 
of  the  atrainers  and  divided  the  Gate  llouao  into  two  comjiart^ 
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mmu,     ThU  WM  •  work  ol  •onw  diflUilt,  «mI  ,Ia„|,w.  hu  it  wm 

-nUr^I  th«  Inflow  |„or«M«I.  .„.i  fi.,,lng  .^I,  .^^  ,^,„  „,. 
l>ott.»M  of  th«  well  th«  velocity  b«*m«  ...fflciantly  ninul  td  .I^itn,. 
or  o^rr,  out  U.«  Ic^  fn,„,  the  „|.,H.r  cUmUr.  wh.r,  it  h*.l  H„«,  J^ 
long«.t.  «!.  W..II  an  tnm  th«  n.lv.rt  :  and  ultimatdy  hriug.  ^ 
uln^ly  notice!  »  w.m.cr  In^ly  of  w*t..  to  thn  (l.t.  HoL, 
Thi.  U  t«r  r«,ult  w.m,  „u„|f«,t.H|  hy  »  thin  vh,h..  which  r^  tnnu 
tl...  water  •«<  from  th«  n.nn  «ng«g.,|  i»  cutting  th«  hol«  r.t„n,. 
«»  to  Ih.  .urf^co  In  •  Uth«r  of  .wmt.  «,  if  h.,  h.d  Ikm^u  working 
in  ft  Rummer  tinn|Mmitiirc.  " 

Ai  Iho  .Ung^r  w.i.  tum  (7  v  «.)  ,^,t,  tho  .top  cock.Tn  th« 
".n«vg«noy  p.,.,  Jror.  M„md«ntly  ch^o<l  u,  allow  the  w.fr  to  ri«o 
t.>  It.  umml  heigrtt  in   tlu,  (Jut.,  Hou«,.  .„ul  the  work  of   refilling 

the  In.:        ?  V  .        '5  "'"'    <l".trihuUn^   pi,H*  wen,  filUnl    to 
the  contour  of  Klhott  Row,  and   by  mi.lday  the  «reat«r  nart  n# 
th«  City  and  Town  of  Portland  wa/»„ppli.,^    H  ZTc^a^ 
«blo  time,  however,  to  get  the  air  fully  expdled  frt,m  the  main-,  and 
in  conM.,u«n«,  of  tl.i«  n,ul  the  h.avy  drafU  mn^e  i„  tho  lower 
dwtr.cu  for  ihrnlung  an.l  other  p„nK)ae«.  U.o  supply  did  not  reach 
the  Hunumta  w.th  »t«  umuiI  fo,.e  until  late  in  the  night.  «ay  24  to 
30  honrn  from  the  time  it  wft«  cut  off.  o  /        w 

I  havo  been  |>«rticulftr  in  relating  n.inuteJy  u|l  tho  cin^um- 
Btancea  of  our  ox,,erienco  on  thia  occaHion.  that  they  may  Ik>co«.o 
.natter  of  i^rd  and  ,KMmibly  aaaiat  in  .hewing  how  t<,.leal  with  u 
iko  occurence  again,  ahould  auch  another  trial  unfortunately  como 
to  ua  In  duujovoring  it,  if  inmible.  in  ita  incipiency  and  in  load- 
ing to  the  adoption  of  meaaurea  fitted  to  mitigato.  «  far  aa  prad- 

ticablo,  the  evil,  which  apring  from  such  viaitationa-toarert  the 
danger  altogether  or  reduce  it  to  a  minimum. 

To  do  thi.  «>me  knowledge  i.  required  of  the  nature  of  *  "/nm/  " 
"^«nd  or  •;  anchor  ice"-it  i.  known  by  all  the  three  nameal 
and  thecomhtion.  under  which  it  i.  formed.     It  is  well  known  to 
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millmnit  kimI  cith«ni,  ihrougti  iUi  frM|tiffnt  int«rfor«no«  with  fRtm 
Mi*l  flumtw,  Ami  in  rwr  iitatatujM  to  nMii«K««ni  of  WAtmr  wnrkn 
UiniuKli  thn  Ru<l<lAn  lnt«mi|itionii  It  oauM*  *l  tlmM  to  thnir  daily 
Mtippiy.  Among  MiAiitiNtJi,  however,  tlioro  ia  m  wi4«  tiiffnrenco  of 
opinion  M  to  tliA  omxmm  or  natuml  Iawm  which  cull  it  into  Iwing 
<  ''«nd  place  it  afUiii  where  it  ie  leant  ex|KHit4Hi,  «m  lMp|Mtii(««l  in  our 
own  expertouoe. 

The  onlj  Water  Workii  that  I  know  of  on  thli  (Hmtincnt  that 
have  been  lubjeot  hitherto  to  lerioua  viaitationa  from  anchor  ic«i 
ara  thoaa  of  (.'himgo.  Cleveland,  Detroit,  and  Montreal— tha  two 
laat  eapeoially,  but  in  different  forma 

In  the  winter  of  180H-69  two  interruptiona  occurred  to  the 
water  aupply  of  Chicago  from  thia  cauae,  hj  the  laat  of  which  the 
"  entire  gatewaja  were  obatmcted  by  '  anchor  ice.'  "  Th«  fcu|)ply 
waa  out  off  from  the  tunnel,  and  Imforo  the  ice  could  be  removed 
and  mattora  reato^ed  to  their  uaual  'condition  the  reaervoira  were 
emptied  and  the  whole  city  waa  out  of  water  for  nearly  three  (.1) 
houra.  For  aeveral  daya  in  January  1H78  aimilar  trouble  waa  ox- 
periencod  at  the  orib,  wlktph  forma  the  inlet  to  both  tunnela  :  and 
BO  aerioua  have  theae  intOlTuptiona.  beoome  that  plana  are  being 
deviaed  to  enaure  a  aupply  for  fire  purpoaca  chiefly,  ahould  both 
tunnela  fail  to  fumiah  their  uaual  daily  aupply.  And  ao  immin- 
^  ent  and  conatant  ia  the  danger  aup|K)ae<l  to  be  that  two  men  and 
HoniotituoN  t/tree  hi-o  ungagiNl  during  the  winter  aeuHon  in  koopinj; 
thu  gatowuya  clear  of  ico  :  and  "  boHidoN  thia  a  tug  in  kttpt  all 
winter  long  "  noai-  thu  mouth  of  tho  river  ready  to  aturt  (for  the 
crib)  ia  vory  Mhoi-t  notice  with  whatever  niny  Imi  ntxHlf^d." 

Clkvbland,  Ohio,  had  in  l87.'i,  u  Himllar  ux|K;riuucu  tu  oura, 
but  on  a  larger  and  more  protracted  mchIo.  During  a  heavy  Woator- 
ly  gale  which  prev^ilod,  while  ico  wna  forming  rapidly  in  tlio 
vicinity  of  the  inlet  to  the  ariueduct  which  auppliod  the  pump 
wella,  tho  water  waa  oliaorved  to  bo  unuauallylow,  but  aa  thia  had 
boon  obaWN>d  on  aeveral  occaaiona  before  no  (wrticular  notice  waa 
takcn'Of  tho   fact  until  tho  follWing  night,  when  it  had   fallen 
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*w«y  to  Niioli  mt  AAt«iii  UmI  oho    |ium|>  onljr  could  b«  kept  foliif 
*l  oti«  fourth  ol  llii  tiMwil.     Thin  UhI  Ut  iiwiuirj. 

An  tsAiniiuitUm  wm  omwIh  of  tJM  M|itt«lMi  "  mmI  it  wm  UiMov- 
4«r«i|  that  fmm  (ti«  iul«t  for  thn  clUtamm  ol  oigkt  kumlrtHl  (HOO) 
ffwt  inUiiil  U  WM  jUlmi  with  fiuA  |«rti«l«w  of  iflr,  which 
Mrh<m  Ukim  out  hiul  Uia  ii|i|MMrMttm  of  ctMran  «now  "  Ami  nlKntt 
fA^Hy  houm  al«|NMHi  Iwfort*  th«  ic*)  wim  rvmovini  mul  th«  wpply 
rmUind. 

Tkk  W|is  thit  uttljr  tiino  tU«Mr«i  ttaii  lioati  truulil*  from  k§  at  Ui« 
iiil«H  «<|uu(iutit  tince  tk«  flNtabliiiliuiiiiit  of  tlio  worka  'iO  ymam  Iw- 
foro,  AiiU  M  in  oar  ooao  wm  •  n»m  ax|Niri«tic«  «iul  »  grwkt  suriiriM 
to  alt  conc;«mMt.  Hhortty  iifl«r  thi«  their  new  lake  tunnol  wm 
ootn|tloUHl  and  I  do  not  know  tliet  rniif  further  trouble  hM  tieen 
oX|Niri«iiC4Kl  iiiiioo. 

Detroit  Iim  had  uquai  if  not  grei^t«r  trouble  than  Chicago, 
and  IN  not  enre  yet  of  Mug  wholly  free  from  it.  Hbere  m  in 
oilier  places  the  vtaitatiuiiit  Imvo  iHwn  intermittent  and  irreguhur — 
(leiwnding  largely  on  tli«  thermal  character  of  the  N«a«on  and  the 
foroo  and  direction  of  tho  wiuda.  The  watar  for  the  aupply  of 
thin  city  ia  taken  from  Detroit  lUver,  and  waa  led  to  the  KOttling 
MMwrvoir  (previoim  to  187.'»)  by  290  feet  of  36  inch  wrought  iron 
pipe,  the  inlet  oritico  of  wbioh  was  twntyjw^  (20)  fiM)t  bolow  the 
Hurfaco  of  the  water.  Hince  1670  tho  |>oiut  of  inUke  haa  been 
changod,  for  nanitary  ronaonii,  and  the  watiu-  in  now  conveyn«l  to 
tho  Mttling  iMwiuN  through  eleven  httndrett  (1100)  foot  of  GO  inch 
wrought  iron  pipe.  I  am  not  awai-o  of  any  trotiblw  having  been 
cxiKwience*!  as  y«t  with  thin  now  [Aytt,  but  with  thw  old  36  inch 
on«>  tho  intorniptionM  were  fnN|ueut  ami  ReripuN,  though  oamoHt 
offortH  luiil  lioon  maile  to  prevent  tho  formation  or  rather  the  ag- 
gregiittou  and  adhoeion  of  tlie  io«)  to  the  inlet  utrainem  and  framu 
work  by  which  they  w«re  HUiitatne<I  and  protectofl. 

An  far  buck  bm  186C  tho  water  commitwiuncm  of  Dutruit  applied 
to  ProfoBHor  Douglai),  of  Michigan  Univeraity,  to  Hoe  if  Mcionco 
could  dovlae  a  cure,  or  rather  a  preventive  of  thia  winter  trouble,' 
and  after  u  {Mitient  invoHtigation   of  the   phynical  conditionii  that 
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UiUiUly  iMMMMit|MUtjr  Um«  fiirtiMtUHi  «^  lltn  Ntichor  ito  liu  mWr  in  itiil 
iknmIimIihi  tlml  it*  wi^  chk^  tliio  Ui  milUtimt,  »t%A  iMKimHl  mc 
(Toniiiigly,  with  njtiviw  to   (Ml   llir   nvciinifjr  t»f   Itlii  iktlirjr,   (Im> 
mtHMriiig  of  A  mft  rIiovp    (iin   iiiliH  mid  iif   tW  \ti\»     Tliiii  Ihi  iiit|» 
|MMOi|  woiilil  i%rrwit  Ui«  umIUuI    lii^it  nitil  |>rt<vi«iit  tin  tm'mpt^  in  (l»i^ 


MiiiiK    wMjr   Ml   plmiUi  mimI  Howmm  Ah*  |»roltw|Ml   !•«  thin  litivKrinKH 
friHii  tlin  nflWttii  i>f  vntly  fitMtR.  ' 

III  Ui«  folldwiiig  yiNir  Ui«  (itHiimitUm  in  clmrgt*  <rf  (ii«  workN  liml  it 
linn  tA  Immiim  plitrnd.  AN  mlviMtti  hjr  PrtifinMoi  IkmgtnM  aiwI  (irmly 
halil  in  $itH  i>v«r  thn  tiit««t  |ii|Mi  until  tiM  iiw  fortuml ;  but  tliA  \Mf\n*A 
(tM*  ruaulta  ilid  iictt  ftillow.  Ily  tlui  nid  of  divom  m  NulmitirKiil  |ilitt 
form  wrwi  thoii  plAc*!  ov«r  tti«  Htntiiioni  in  Uto  tio|w  of  iit«tti|>iii)( 
thu  Mii|i|H)Mi«i  miliittimi.  iiut  ttiiit  t<K>  fuiliNl  luid  iniitt'Ail  of  Aknting 
tlio  itvil  lliif  itO|i|iiig«m  took  plitcu  lit  It  liighur  t«ui|NMiituni  UimM 
tvtr. 

During  ono  of  tlio  fr«N|uunt  inUtrru|iUoiM  which  t<iol(  |»liti.'i  iIh* 
coinmitUw  imluoQil  one  of  thitir  divem  to  go  down  to  Uio  inl«itl»i|Mt 
Mill  exAtnino  it*  condition  aihI  Murroundingn-.  Thn  inUmMtkuhl 
|irov«nt4Ml  him  from  rvmuining  long,  but  ho  wan  tlioro  long  itiiiHigh 
to  diNoovi»r  thiit  tho  iiitot  pi|>^  Aiid  iitrainin-N,  witli  tlioir  Nurrtmnd 
iiig  Mpiltu  WAN  Olio  iiituM  of  ico  imriiulM,  coIImcUnI  into  n  iiioiind 
Noiuo  Un  fiMit  high  aiuI  About  flfto«n  feet  in  diAniotor  ;  luid  that 
Urgo  <|UAntitiaa  of  minute  oryatd  of  ioe  wor«  rApidly  iMuwing  mid 
Adding  to  tli«  niAHN  dreAily  o<dlo<5ttid.  Hiwoimoua  of  tJio  iwi  woh^ 
brought  to  the  RurfAce  in  a  ling.  It  wan  in  «hw»tH  nnd  iwilioliii 
thin  AN  paper,  trAiiMlucent  with  AliArp  |»oinU>«l  odgoii. 

A  fiirthor  oxAtninAtion  rovmliNl  the  fAct  tliat  Uto  iinuUI  Amount 
of  wAtor  tho  pump  wan  ii-owiving  ut  tho  timo  tho  iwnrch  wan  Udng 
niiwlo  CAmo  through  tho  lower  or  down  ntnium  Nido  of  tho  Htidinrr, 
thia  liotng  tho  only  jioint  At  which  tho  pi|>«  couhl  lie  roiwrhcHl. 
I  Tore  thorn  wan  but  little  ico.  When  thoHo  focti  wore  A«cortAin<Hl 
tho  oommitteo  thought  they  liAd  noIvinI  tho  probl«m  ami  could 
apply  A  i-omody.  It  wan  to  encIoHo  tho  Ntniinom  except  a  jwrt 
of  tho  down  atroam  Rido  no  an  to  prevent  Uioro  Hooting  particlca 
from  collecting  on  and  around  it.     To  <Io  thin  jr.  largo  piece  of  can- 
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*M  w««  iirPfMimt  t4  aitUntilfl  »lt(t  ntu\  (Irmly  fmilDii 
nrtHttifl  tlinati(t<exi  wtili  ti,  wiili  iho  iilntfitrni,  I'tMH 
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llid  iiltflil  ^iu*  UiPrtMtminUir  UuUttmlmJ jj^/tf^ Argtv^  ImIuw  ||k> 
tnwiiiig  |HiiiitK^  lii»lori»  iliixtigH4lic  onjjfni*  NlttfifMii  ft>r  wumi  of 
WiiU»r 

r% 

AikHlM»r  tliWDtml  «iiii  ititwU*  iiiiiiiiH|Ul«*ly  itiMl  lli«<  iii<'|H>rlitiit  fitrt 
itiirt>rUiit«<«l  Unit  with  tin*  tcMi|M>rMtiiH»  nf  )li«  MitiiiiM|i|ittr««  nl  2t)' 
tin*  witt««r  nt  lh«t  i«Mtfitn<  wiin  11'  imhI  itt  tin*  UtttitMi  uf  tti0  riitrt 
•lA  .  ,  Al  ihiN «lmMf«iil  miii'li  luMi  l(i>  wrtM  foMiMl  itii  tlif  Klnttimr  himI  iu 
N«trruiiit«nH((N  tlirtii  ill*'  drtil  tiuM*.  Tliit  loMi<r  hi*I<<  «|Hi|t>iti  l»iit 
flgjp^  ii|»tNir  Ni<t(<  till*  lU'titni  »t  tUv  i'um>tit  htol  wimi  tlm  iti>  hiin 
«4^t{itti«it  ttwm  imiiiiiiig  up  •iivniii.  AInmii  Urn>».  lioiim  iifufijlu* 
«livnr*iit(»ii>  «l<>iM!i<nil(H|  (ihi^rtiioinwUtr  XV)  mu\  Umiui  the*  Ut<  ifiiUrv 
ly  gimp  TIio  Ktibmnrgmi  plittfonii  wnn  rMiiinviHl,  iiml  h,.  funlu  r 
truuUlct  Wim  nxiHiHoiictHl  u|iUI  iliit  ri\r>r  iti*  ^M^gnu  tu  iium*,  wIhh 
U  wtiM  iigtiiii  rc|H^iti«i|  witli  tht*  th«Mti<»motiii-  nt  Id*,  miil  i\w  ctmi 
mItUHj  rtiii«|iii|iiig  tht'ir  \i%lu«hlii  Itqiort,  wiy  llmt  "  liy  tJu*  »i«|  of 
"  tlxv  miltitirtriiio  illvrr  tlicy  hnvn  mMfrtniiiitl  tliti  fiu-l  thai,  at  vvr- 
"  tniii  tPm|H»nitHni«,  tliiUM)  iV*  jtt%rMta  are  ^r^r  fMtmiU  In  Iht  river 
"himI  *rfl  «mtinuoimlvji^^L».lgwii  Iiy  tlir  iirtioii  yf  titit  I'lirtmit. 
"  ^H^  wliiit«v««r  olml7M|flyiAi<y  iiiiH}| 
"  tli<*y  roll<K*t  ti|N)ii.  dHBI^^^^lK^  CM 
"  liig  Mttitimiir,  tii«  i«titli«  n«mi)vnl  of  nil  M|iilMi  nml  ntlicr  MulNttAiH^M 
'*  niljncptit  ill,  ttip  Ntmiiiurw  Iwlioving  tlint  with  nothing  ImiI  i\m 
"■nuM>th  <toni<<  for  thcNP  |Kirtivl<>N  (o  IiMlgw  ii|K>n  (Im*  i|tiiintity  thnt 
"  will  ACcumuUto  cnnnot  vi<ry  m>riotiMly  uflmt  the*  flow  of  wnUw  to 
"  tho  inl«t  |ii|»*."  ^       I 

I  nm  not  nuiij  that  tin'    i-woninH'iulatiun   of   thi*  cohiniitttN'  wjim^ 
oarritMl  out,  yot  I  hnvf  iruMon  to  l«li«*vr  that  it  waH,  nn<l  alMi>  that 
thfl  removing  of  tlm  "  NpiloH,"  kv.,  «li<t  noi  mihih-k  roni|»ltt(n  oxfinp 
tiou  fi-oni  int4*iTui>tion,  an  T  (iml  in  Niili»«<<<|iii>iit  rtt|H»i  tu  ih'm  i  inlioin* 
givoti  of  further  HfoitM  an«l   ch«vii'«>»«   for  u\<'r('oniing  thuir  Iid  »UrtI 
cuUim,  cliiff  among   whiih  wan    flu'  cxtcnHioii  of  tho  inlttt  main 


J  \.nv  ^rtioii  ui  init  I'lirivni^ 
iHj^gjd^h,  Mil%iiir  |NiiiiMg«>. 
iN^WtrrnconinMfnd  tho  toin 
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III  A  «|ini»lit»*t  |mn4l»'*  wlMi  llii»  I«h|I  t.f   ii(#  rt*»N\^1%l»  e*i«^( 

»<*n»)  «»l   lli«   iKlNiiiwit   .1it   iiii h   ii^t  |t)|wy|Mf4  «kimi  |w»rf( 
tlir«iMi{li<Hii  ItM  *'Miir»  Mlitfili.  tw*  Ur  m  ifK  mflhpiNi  %r»»  ^iiPmmI, 

ivtth  »ltM««t)^  'Mfl  lltN¥iii^<iiiwrlrr  lMi<li  li*itl|^    thu  i|il)iHl|(|(|  f  tW  Im4 
1m  Um>  oriKknitt  i4t'iiiiiM>ti)  Itaviiii;  iiwu  butt  m^h 

Ifl  ll)|)|Uiotl   III  iff^  Itllilkrill  l<l|tt»tlM|l>ll  «if    i\^ 

,iUii  |itiMt<f|  ii(||m   f4|«l  )kf  till)  •Ur(*t'(  iiilt't    MtMJit 
ili>>  hoh'M  III  ili#>  IttioMN  wi'i^t  i'||f>kiHt  iitul  i«4ii^ 
4ltniiiiii|{       TIiIm  |{iiA  WrtM  WriHrtimi    fi«*tM  IIm*  Hlir 
.»!'  »irn >i>|H«  ptiirtnt  i%i(1i*  iW^ili-l  |»»j[H<,  iiiMHtii 

.1    \     I   or   IWitlvK   •m»lrtll|f»»»'l.         ft      t»|HWHI|VH      to   IlilU* 

Hi'll,  tiul  «li>l  not  iiiliiiri  Uii<  •|iMitiity  «)f  Witli'i'  it  H 

ill  itMiMii|tt«tni't(  iif  iu  itmri  ImviiiK  UtMi  ritiliinti  Uy 

iiN  fmiiiM  wtHk  ,  >irt«l    iin  Nittliliiiiitil  t(til«    «kitN  iit'tiniiiMtfMU'll  dm    i« 

ii'iiHxIy  for  lliin  i^ntiKlii^  of  (mm       I  Iiiim>  writ(i>ii  li»  t|r  KiUiml, 

itii*  (iiii(iiiv«i:  ill  t'liRfKi'   iC^^"'   l*"ti^>ii  «^orliii,  foi- fiii>«|i4|yiil«iiitiii 

(MMI   «lr||il'|l    will    Im)  hI|I||||&<<I  it«  MiMUl   UN  rit«<<*i«  ••«|,  |^ 

\^oNrii>'.»i.  Ihih  Hnrt&'n-liijuMi'  fiom  luichor  lii^    «>r  J'ttuit  in*  ii  In 

i-tllllHl   |||«>II>        Oltlll  <'i|Jl<  I    <gf  the  |>liM'fH  IlilMMtl,    Imi(   IMit  ill  till-  KlIIIM* 

wiiy     iiikI  li«r  «*»|N>ri«>ii«'i' wu'  iIiin  i-khmih  lutil  no  wiimiiiff  vnliiu  io 
oitriM'tv<'«t  not-  niiy  irf    Um'  mkiv*  luiimxl,  nn  will  ii|i|m«mi-  hy  tli»    fol 

Uwih^  lMi«>f  N^llti'JIMItt   of  fnptM.  ,:, 

Till*  Moiili'tNil  WiiN'i'  \Voi>|iH,  itN  tli«>y  HOW  «<\ii«l  wm-v  |i|iiniio<l  liy 
Tlionia^  ('.  KiH'fiT,  K»«<| ,  <'.  fJ.,  iui<l  wnii  into  o|^nlioii  iit  tin- 
full  of  IH.'ifl.  WrtttM-  powi>i'*iH  iimmI  to  forvi'tlui  wiit«'r  into  u 
iTH»»rvolr  |»lft«'«!»|  on  tliw  "  mU^h  of  tliojnouiitniit"  niNHit  vHUl  twt 
t»liuv«  Oily  tiutiiiii  o»  10(1  fi>«Jti^nt)ovi)  tlw  l«jv«!l  of  tho  wntiW  nt  tlw 
|tiini|iii)g  ntalioii. 

Tiiu  wiiU'i'  for  City  umc   tiiul    t«>  work  Uio  |)tftti|>N  in  tnkcii  from 
lliu  Ht.  I^iwronco  uUivu  tlin  (iiictilti(«  ni|iii|ii,  lulit  jIh  liioii^ht  t4i  tJMi 
wiiiH-l  hoiow)  iiy  nil  opon  omul  or  iM|iifihict  which  in  itU>ut  Ti  iiiilt>H 
long,  H  foot  *Utop,  1111)1  10  fmit  wiilu,  ut  llio  wiit4>r  litic,  with  itti  in 
t;Uii»tioii  oi'  fal\  of  about  i]  iuvUtm  \h3V  llli](^ 
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The  niAxiiiiutii  irajKU-ity  of  tlio  workh  am  oHginally  ilmiiKiKHl  wum 
ft,000,000  gftllonii  <lHily,  iitttl  mo  long  am  the  lujuoduct  wom  fitejrwn 
tee  they  ♦rore  fully  nhlo  for  thia  duty.  In  the  winter  mmisou,  how- 
over,  ibeir  cupiujitj  wm  reduced  to  about  3,000,000  gallouM, 
through  the  contvaotion  of  the  chNnuol  by  anchor  ico  washed  from 
the  tit.  IjAwrenco  into  the  aquetluot.  « 

Thia  Ice  trouble  began  with  the  new  works  and  wa«  an  luinuul 
Ono  but  was  not  alwayi  e<iually  nevfei-o,  Varioua  oxjxHlionUi  wore 
tried  to  overcome  it  but  without  iKjuoficiaJ  effect.  Piett  wore 
built  At  tlio  orttrnnco  to  the  a<iHe<luct  to  stop  its  iuHidiouH  a|>i»ro«u5h, 
and  afterwards  roraovod,  when  found  to  l)o  useless,  and  men  and 
guniKJwdor  had  to  be  enii»loyed  «v«ry  winter  a,t  the  enti-onco  to 
koeji  it  oi)en  and  norViceablu. 

So  long  as  the  dehiand  for  water  did  not  excee<l  3,000,000  gal- 
lons per  day  the  c^upply  was  maintained  ;  but  In  1869  (3  yetirs 
after  the  works  hatij  l)een  oiieniwl)  the  supply  to  the  rowjrvoir  Jia<l 
to  Ik*  cut  off  and  the  water  sont  directly  into  tlie  mains  for  City 
use.  This  was  dpnb  that  the  water  in  the  reservoir  might  bo  ro- 
tainod  for  fii-e  puqxnws  which  could  Ikj  done  by  shutting  off  only, 
as  the  daily  draft  exceeded  the  diminished  cai>acity  of  the  pum[)«. 

"  Those  troubles, "Lsays  the  superintending  engineer  (Mr.Lasagu) 
"  wont  on  increasing  pvory  winter,  so  much  so  that  in  the  year 
"  1802,  1863  and  18G6  water  puncheons  bod  to  bo  resortoil  to  in 
"oi-dor  to  supply  the  citirons."  In  1808  a  steam  engine  was 
oructoil  to  "  save  the  City  from  another  water  famine,"  and  in 
1872  a  second  one  was  put  up  for  winter  lujo,  tlio  consuniiition 
having  risen  to  0,015,000  gallons  iwr  day.  But  as  the  cost  of 
pumping  by  water  jiower  is  greatly  less  than  by  steam  the  ratetr 
in  Montreal  being  as  $3,41  to  $25.00  for  each  million  of  gallons 
placed  in  the  reservoir,  a  contract  was  made  in  1873  for  a  new 
and  much  larger  aqueduct  at  an  estimate  cost  of  about  1 1,850,- 
193.ft0. 

The  action  pf  the  ice  aiid  frazil  on  the  old  aqueduct  Is  thus  des- 
cribetl  by  Mr.  Keefer  in  a  i-oport  made  to  the  water  works  com- 
mittoo  in  1869  :  "  The  difficulties,"  ho  says,  "  arise  from  two  causes 


,-flf:- 


li 


r 


> 


■**>-,;  . 


-'■V7--^ 


^V 


1.1 

"  vis.;  ra|ii«l  lluottiAttonM  in  thn  wintri-  l«<vol  of  the  Ht  liiwiMV, 
"  and  thttt  |)tK;uli«r  form  of  ioo  known  an  fnnil,,  whirti  in  «l«*^PPri 
"  from  th«  Uittom  inntwul  of  tho  unrfnc©,  and  therefore  l!«>atii  undor- 
*•  n«ath  insUmtl  of  ujwn  l\w  name  level  with  other  iw*.  The  flue- 
"  tuationn  increa«o  the  tliickneiw  of  the  a<|ue«Iuct  ice,  from  fiWf,— 
"  the  fra«il  from  Mow.  The  fonnor  cauHw  the  ioe-cohl  currentu'of 
"  the  river  to  Hse  Huddtyily  ami  flow  over  the  frozen  ■ui-fiwre  of  thi 
'•  a4iueduct  immetUately  thickening  and  weighing  down  tlie  ice  in 
"  the  latter,  then  by  lut  M»i<ldeh  ii  fiiU  tttntUl  further  deiueHM  thin 
'*  ioo,  HO  that  by  mitl-winter  (with  the  Ktea<ly>»Hljttction  of  tin- 
*'  aVeruge  Hurface  of  the  river  in  luUlition)  the  water  way  under 
"  the  iuiue«(uot  ice  in  ho  diminiHiiwl  that,  in  order  t«>  miitply  the 
"  wheeln  a  nipid  nndev  current  HotN  in,  iiringing  in  frazil 
"  in  groat  abundance  until  the  paHmigo  in  nearly  or  (luito  choketl 
"  up.  When  thiw  reniilt  takeM  place,  if  tho  wIuwIh  continue  run- 
"  ning  they,  rapidly  empty  tho  aqueduct  below  the  obHtruction, 
"  lotting  down  tho  ice  aln^ont  or  ipiiUj  to  the  l>ottom,  thUH  bringing 
"  about  a  state  of  thingH  irremo<liab|y  ho  long  an  the  cold  weather 
"  laata.  DiHicultios  have  inoreasel  an  the  demand  for  additional 
"  pumping  power  increa«otl  «n<l  the  i-ome<ly  liftM  \mm  Uk)  long  de- 
"layed." 

From  tho  foregoing  brief  description  of  thu  ice  troubloH  of 
Montreal  it  will  be  seen  that  they  diflFor  materially  f i*om  thon^  «f 
Chicago,  ClevelantVand  Deti-oit— though  much  tho  same  im^j^mi- 
ciplo;  and  show  that  tho  inHidious  influence  of  tho  anchor  ice  Cr 
fnizil  waH  underestimated  by  the  unquoHtionably  able  engineer 
who  planned  and  executed  the  works  and  by  the  still  moio  emi- 
nent gentlemen  who  wore  consultedprofessionaUy  before  their  con- 
struction was  begun  by  the  City  of  Monti-oal. 

It  was  believotl  that  mos]>or  less  ice  trouble  would  be  mot  with, 
as  must  necessarily  be  the  case  in  all  northern  latitudes  but  no 
one  anticipated  what  really  did  take  place.  Tho  formiition  of 
"  frazil  "  avs  well  as  its  subsequent  movements  an<l  aggregatiouK 
appear  still  to  be  involved  in  sonie  degree  of  mystery  and  <tfo  not 
soem  to  follow  the  ordinary  laws  of  freezing  as  generally  under- 
stootl.  • '' 
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leaving  noticu.1  iit  Minnu  luiixtii  tho  troiihUmomo  md  ti-eacIu>rouH 
olmmoti^r  of  tliiii  form  of  ioo,  aikI  tho  nHortH  tluit  Imvo  boon  mn«l« 
in   varioiw  ways  to  ov«ii-otn«  it,  u  fow  njiniiilcn  in  r«lHtion  to  tho 

ViewB  held  by  Soientist<i 
in  ndiUion  to  itn  forinntion,  may  not  Ik»  out  of  plnco  nor  liltoguthcr 
void  of  int<!ront. 

Ft  lilniOHt  nooiiiN  incrocliblo  that  iw  nhoxM  Im,  fotuul  nt  fitwi/y- 
yiM  (-iA)  fijot  Iwlow  thoHurfnco  of  <>|HMi  ^jB.  '">'l  thiit  it  Hhouiil 
Jn»  iiKgr(!giit«(I  iiiul  lUHHMod,  Ht  that  (I.'|..Vl|;,9!Pii  wmiul  or  pyrunii.l 
kn  f»M3t  high  mul  ./r/>e««  feet  wido  ,i|'ti^i|H(, ;  tl»Ht  it  HhouM  1«, 
found  lining  with  gio.it  uniforniity  the  iiftcrior  Hui-fac«  of  8til.t4^r- 
runuan  wab-r  coum«,  rrtising  nudthndy  tho  IovpIh  of  InkoH  ntui 
rivers  und  cauHing  thoni  to  ovorfloAV  ia«)iv  inpidJy  than  in  ordinaiy 
Hoods— Htopplng  tho  iufjow  m  huge  culvortu,  phicod  :'0  foot  or 
Mioro  Ijclow  tho  water  lovol,  and  blocking  an  oijon  canal  with  u 
fonHtant  onrront  flowing  through  it  (aa  at  Moiitroal,)  but  tho  ovi- 
(h'ncu  in  coniphito  and  irroKiHtiblo. 

Scienti8t«  uro  (tividod  in  opinion  hh  to  tho  inn,luM  ajterniuU  of 
natumin  making  and  working- with  andior  ice.  Tho  conditionH 
under  which  it  m  found  appear  to  bo  wondoj-fully  uniform,  wlrtu- 
over  it  is  mot  with,  and  agroo  exactly  with  those  that  prevaih'd 
lH.'i>e  on  tho  night  of  the  22nd  ult.,  viz.  :  open  water,  clo\ido.l  by 
<lay,  clear  by  night,  high  wind  and  thorniometor  ranging  from  W 
to  18'^-  20degi-oeH  above  zoro.  irn.h>r  thoHo  con<Ution«  anchoi- 
icH  has  intenupUid  again  an<l  again,  im  we  have  Hoen,  some  of  tho 
noblest  water  «upplioH  of  America,  and  engin«*ering  nkil!  and 
Rc'iontiflc  resoarch  have  failed,  m  yet  to  find  a  poi-fot^t  cure. 

Professor  Douglas,  of  Michigan  UniAoi-Hity,  when  «|ipplied  to  by 
tho  water  authoritioH  of  Detroit  atttsinpted  to  explain  the  phen- 
omena "u|)on  the  principle  of  Welln'  well  known"  ,ind  ac- 
knowledged theory  of  the  forination  of  dew,  viz.:  by  radiation" 
cledr  water  he  said  "being  to  a  great  extent  transcjilent  {|)ermitting 
"  the  pivasa^o  of  boat)  would  not  interrupt  the  <;alorio  froni  below 
"  from  rising  an  1  passing  into  the  aii- aboA(?,  whou  tlio  surface  water 
"  is  oiKui  and  bdow  thefreezhnj  x>oniL  Nor  wouhl  the  depth  (25 
"  feel)  afr(«ct  it,  for  it  i.s  well  known  (said  tho  Professor)  that  caloric 
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"  that  lini  Ixwii  tntnumittiHl  through  nnn  hiyor  of  n  traiiHcnIent 
♦'  UKMlhun  will  Iw  ImnamitUwl  through  nny  nunilMM*  of  layer* ;  tbo 
*•  Vfiyn  of  tho  nun  would  uIho  convoy  hout  through  tho  watffr  to  tho 
"  j»ipo  (tt  goixl  iilmorhor  of  tKlorio)  iin<l  tin-no  wouKI  (liHNi|Miti)  tho 
*'  ioo.  Ah  hoou  iih  tho  ico  fonuH  on  tho  rivor  all  mdiHtion  and  tmuH- 
*'  inisMion  of  caloric  would  Iw  Rto|i|)«<l  l»y  tho  intorHOaloncy  of  tho 
"  ico,"  «jid  from  thin  roisouing  ho adviHod  tho  idiicing  of  "  throo  or 
"  four  largo  nmmA  ov  timlierrafth  directly  over  tho  pipo  to  iijtorcopt 
"  tho  hortt  nidtHtod  thorufroni  an  woll  um  fi'oui  tho  vurrouuding 
•'  wftUu"  and  H«nd  it  back  again  to  tho  houix'o  fmui  whonco  it  canio. 

TluH  opinion  was  «ndonio<l  by  ProfoNHor  John  F.  Frazor  and  tho 
Journal  of  tho  Franklin  Iniitituto,  (Philadelphia)  hut  it  wan  no.t 
HatiHfactory  to  tho  hito  ProfoHHor  Honry,  tho  HuiMjrintenUont  and  ' 
Hcioutific  hoad  of  tho  SniithNonian  luHtitute,  (Wanliington.) 
Ground  or  auchur  ico  ho  wiid  in  a  letter  addrosHod  to  Profo«8or 
DoughiH  was  a  "  puzzU)  to  phyBiciHlH."  Tho  radiation  explanation 
was  one  wliich  readily  nnggoHtod  itsel^to  Huch  aH  wo.ro  familiar 
with  tho  oxporiniontH  of  Dr.  W<'ll.s»  and  was  generally  adbpt«j<l 
pfcviouH  to  tho  rescarchoH  of  Malloni,  (an  Italian  Havant)  who  had 
Khown  intensity  tma  inien-upCeU  by  the  thinmat  $heet  of  miter. 
ThiH  it  will  bo  ob«orvo<l  in  in  dii-ott  opiwuition  to  tJie  view  hold  by 
Professor  Douglan  that  clear  water  wuh  fx.  ti-anscaleut  medium  and 
would  transmit  heat  through  any  nuntber  of  layers.  Professor 
Honry  inolinod  to  the  theory  of  Arago,  who  hold  that  anc/ior  ice 
ions  formed  toheii  the  wiitee  at  the  surface  urns  couled  below  tlie  point 
of  coiigelldtlon  ami  by  the  motion  of  the  stream  was  brotujht  into 
contact  with  a  solid  body  at  the  bottom  which  acting  as  a  nucleus  of 
crystalization  immediately  determined  its  solidification  :  but  yet  h« 
thought  tho  >yholo  subjoct  i-«quired  furthor  elucidation. 

James  U.  Francis  the  celebrated  hydraulic  engineer  and  Su|)er 
inttaident  of  the  loi-ks  and  canals  at  Lowell,  Mass.,  holds  similar 
views  to  Honry  and  Arago  in  regaixl  to  tho  formation  of  this  des 
cription  of  ice  imd  in  a  dooj.ly  interesting  jmi>er  published  on  this 
subject  a  few  years  Iig6,  gave  an  array  of  facts,  Xi\  his  own  oxpori- 
ouco,  which  seemed  to  put  tho  nnvtter  1>eyond  discussion  and  bU^w 
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conclunivoly  ,  tUt    tiio  nulintinn  tlioory  of  Prof  DoukIuh  wan  lih- 
Umttblo.     A  fow  flxtmcU  fi'om  tluM  p^jior  may  Iw  worthy  of  |mr- 

"  Aiwhor  K"  Mr.  Fmuclii  iwyii,  "  in  (in  iiggrogRtion  of  Nnmll 

"  crystiilH  01-  nooclloH  o^ic«,  forming  in  water  a  Mixingy  niiuw  oiwily 

"  iwnotmUHl  with  uuy  hanl '  Hulwtancn.     It   ia   frequontly   foiuul 

"adhering   in   hirgo   quantitiox  to  the  Imttom  and  Bidea  of   waU'r 

"  ohannola  lioth  oixftn  anil  covorotl.     In  clear  weather,  an  the  iun 

"  approavhoR  tlio  meridian  miuuitm  of  anchor  ice  often  Hm  from  the 

♦'  lK)ttom  of  the  open  channola  and  float  ofl",  aometimea  with  caitli 

"  and  Rmall  atonofi  adhering.     It  ia  proiluceil  in  t/te  greatest  abun- 

"  tlnnai  in  cold,  clear,  toimhj  nights.     It  unqnoationably  (mginattH 

•'  at  the  surface  qf  0ie  wtUer,  the  noceaaary   conditioiu   being  tliat 

♦'  the  water  should  be  at  the/reeziny  temjyerature,  the  air  beUm  that 

"  iwint  ami  the  aui-face  of  the  water  agitated,  either  by  ji  cnn-ont 

"  or  by  the  wind.     In  its  firat  atagea  the  ice  ia  in  amall  detmhed 

"neotUoa  or  vyatala ;  if  tliero   ia  little  or  no  cuiTon*  tliia  ice  ac- 

"cumulatea  at  the  aurface   and   finally  consolidatea  intoaahoet; 

"  if  the  current  ia  too  atrong  to  permit  this,  jwrtiona  of  it  accumu- 

"  late  at  the  aurface  and  finally  consolidatea  into  a  sheet ;  if  the 

"  current  is  too  strong  to  permit  this,  portions  of  it  accumuktoa, 

"  in  the  spongy  masses  and  float  along  at  or  below  the  surface, 

"  their  specific  gravity  differing  but  little  from  that  of  water.     In 

"  a  currenJ;  ot  wotor  there  is  a  constant  intermixture  of  the  water 

'"at  different  depths  producing  a  uniform  temperature  all  doptha 

"  and  tending  to  (listributo  uniformly  foreign  matter  held  in  sus- 

"  pension.     The  small  crystals  of  anchor  ice  found  at  tlie  surface 

<'  comedown  by  means  of  this  intermixture  and  distribute  through. 

"  out  the  whole  depth  of  the  stream  much  in  the  sftmo  manner  as 

"  earthy  matters  are  carried   along  in  suspension   by^  currenta. 

"  These  crystals  have  a  stix)ng  tendency  to  adhere  to  each  other  or 

"  to  any  otlier  solid   body   they   may  come  in  cpntoct  with.     Tlie 

"  odheitinco  can   only  take  place  by  freezing,  and  here"  says  Mr. 

"Francis,   "  lies  the  mystery  of  anchor  ice.     How  can  water  be- 

"  come  ice  without  u  loss  of  heat  1 
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"  ft  AJh«rei  td  lui^ioM  ol  itont  and  wood  oVef  wkioU  %iUr  ii 
•'  runniitg  wiUi  a  ooiuiuloi^blo  voloottjr,  in  aome  cusoa  •xoootUng  20 
•*  foot  per  Booond  and  growing  up  under  thta  rapid  ctirmnt  at  tho 
"rat©  of  an  inch  an  hour.  It  i«  oluarly  not  doiwndont  upon 
"  ra<liation  in  tho  manner  Dr.  Wells  haa  ahown  dow  to  »)o  fomiwl 
"  for  wo  find  tho  piera  of  bridges  and  tho  interior  aurfocea  of  buI>- 
"  torranoan  water  coursoa,  where  there  can  be  no  lo$$  of  hmtt  by 
'•  nuliation,  covorod  with  anchor  ice." 

Itoapocting^the  formation  of  thi«  ico  Mr.  F.  reinarka,  by  way  of 
suggestion,  that  it  '•  commences  to  form  at  tho  surface  of  water 
"  ogittttod  either  by  a  current  or  by  tho  wind.  The  water  l»oing 
"at  tho  temperature  of  32*  Fahl,  and  the  air  at  a  lower  tompcra- 
"  ture  heat  posses  from  tlie  water  to  the  air  equivalent  to  the 
'•  formation  Of  a  certain  amount  of  ice ;  the  water  being  agitolinl 
"  and  the  ice  in  minute  crystals,  the  latter  become  mixed  with  the 
"  water  before  all  the  ice  duo  to  the  loss  of  heat  is  formed  ;  and 
"  although  the  crystals  are  removed  frdm  tho  further  loss  of  boat 
"  tjiey  will  continue  to  enlarge  until  an  equilibrium  is  attained. 
"The amount  of  ice  formed  after  the  crystals  leave  the  surface 
"may  be  very  small  but  still  bo  sufficient  to  cause  them  to  adhoi-o, 
"  when  by  means  of  the  current  they  are -brought  in  conlact  with 
"  each  other  or  with  any  other  solid  at  the  freezing  temjioratui-o." 

He  also  notes  the  fact  that  on  drawing  the  water  out  of  a  sub- 
terranean water  course  he  had  found  the  interior  surface  of  tho 
.channel  coated  with  anchor  ice,  with  great  uniformity  and  sym- 
metry and  several  inches  in  thickness  and  says  it  must  have  fot-mcU 
before  it  entered  tho  subterranean  channel  and  subsequently 
adhered. 

Again  as  an  instance  of  the  sudden  trouble  which  may  ariso 
from  anchor  ice  and  of  the  exceptional  circumstances  under  which 
it  is  found  at  times,  he  relates  an  experience  he  had  i^  December, 
18G3,  when  the  ipo  which  covered  tho  river  was  corrietl  out  by  a 
heavy  rain.  Tho  rain  storm  occurrotl  on  the  13th  and  14th  of 
tho  month  named,  (December)  and  in  the  night  between  tho  15th 
and   16th  the   wind  was  high  from  tho  Northwest ;  anchor  ice 


I 


•  -1^  -■ 


-f  ^gsr*  w^^-^if- 


«<» 


ii 


htftking  lnm\j  wiib  the  tKertnouet«r  at  90*.  At  6  A.  Itf.  ul  tiiA 
.16th  th«  wind  was  frnah  antl  thn  thAnnom«t«r  at  20*,  th«  anchdr 
Ice  fomiing  v«rjr  frwly.  The  wat«r  «oAm/  for  moving  tht  tl-uif 
gaUt  qf  th«  NorUttm  Canal  could  not  bt  tiarted  on  account  qf 
aneAor  ie«  havinff  choked  up  the  outfall  through  which  the  water  ia 
drawn.  No  anober  ioe  ia  erer  foutul  at  thia  wheal  when  the  river 
ia  froaen  over.  <  - 

The  unusual  amount  of  anchor  itte  at  this  time  forming  at  such 
a  high  temperature  waa  attributed  to  the  l^igh  wind  and  rapid 
current  in  the  river  and  the  groat  extent  of  <qpen  water  above  the 
dams,  on  which  anchor  ioe  oould  form.  Part  of  the  ice  thus 
formed  pautd  into  the  canals  when  it  adhered  to  the  sides  of  the 
water  oouraea  and  orifices  greatly  obstructing  the  flow 
of  the  waten  And  Mr.  Francia  oonoludea  hia  exceedingly  inter- 
esting and  valuable  paper  by  remarking  that  the  ciroumstanoes 
attending  the  formation  of  ioe  at  Detroit  do  not  appear  to  differ 
in  any  ossontial  particular^rom  that  attending  the  formation  of 
anchor  ice  at  Lowell.  The  depth  of  35  feet  at  which  the  ice  waa 
formed  at  Detroit  is  greater  than  it  is'  found  at  Lowell,  whero 
i)one  of  the  Oanab  exceed  20  feet  in  depth  and  are  generally  10 
foot  or  l^ss.  If  however  they  were  26  feet  deep  we  should  expect 
anchor  ice  to  gather  at  the  bottom  of  them  pretty  much  as  it  does 
no^  if  the  tur/aea  remained  un/roxen. 

But  it  may  not  be  neeeaaaiy  to  dwell  longer  on  this  point  as  the 
scion tifto  aspects  of  the  question  are  of  less  direct  iihportance,  to 
us  than  tho  facts  themselves .  which  may  be  briefly  summarised  as 
follows,  vis«:  (1)  That  iob  will  and  doei  form  in  open  water  under 
certain  meteorological  conditiona ;  (2)  that  at  suoh  times  it  is  found 
floating  in  fine  partiolea  a,t  variona  daptha  from  the  aurface ;  (3) 
that  it  adheres  readily  to  all  solid  bodiea  with  which  it  comes  in 
'contact ;  (4)  that  it  grows  or  aggregates  rapidly  when  once  it  has 
Hocurod  a  centre  of  crystalization ;  (0)  that  it  noi  infrequently 
cloROH  Bubmi^rged  culverts  and  water  courses  as  well  as  open  canals 
nnd  aquodncili ;  (0)  that  the  conditions  moat  fitvorahle  to  its  rapid 
lormation  are  open  water  at  or  bolow  freezing,  a  aky  clouded  by 
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dmjr  •ml  olaar  bj  night,  a  hi|h  win4  vui  mi  air  t«mp«ir»titr«  maf . 
ing  from  about  flir«  dtgrmt  to  iO  dftgnxw  abortt  lero ;  (7)  that  it ; 
MidQm  forma  in  bright  aunahijia,  but  on  tha  oontrarj  b  oftan 
Iooa«ned  by  thia  influanoe  and  ia  aiwn  to  riaa  in  maaaaa  to  the 
aurfaoe  ;  (H)  that  it  ia  laaa  troublnaoniA  wh«n  th«  warcury  ia  at  or  ' 
Ih»Iow  sero  than  at  higher  tem|wratuio,  and  (9)  that  the  trouble 
ceaaea  aa  aoon  aa  the  iur/ae4  qf  tht  waUr  i$  Jirmly  /roum  ottr. 

Am  the  aurfaoe  of  our  reaenroir  ia  now  firmly  froaen  over  tliere 
ia  no  likelihood  of  a  recurrence  of  tb«  trouble  during  tlio  prea«nt 
winter,  unleaa,  imleod   a  auddun  thaw  and  freahot  ahould  reoi»«n 
the  pond  and  carry  away  the  lee,  which  ia  not  ut  all  proUble.     It . 
beoomea  ua  however  to  look  to  tlio  futurv,  to  «onaidor  well  our  ]«>. 
aition  in  the  light  ami  .hiugwr  of  tluH  now  vx|Hir^uco,  and  mv«  what 
can  bo  done,  in  rooaoii,  U)  ovoivomo  or  ixjduco  t4)  a  iniiiiuunn  Uiu 
inoonvenienoo  and  riak  that  conio   of  auch  ualinioly  Suton  uptiuiia 
OS  wo  had  in  November,  r  It  ia  true  the  liku  uuiy  not  lmp|K.n  iigiun 
for  another  forty  (40)  year*   and  more,  but  of  .thia  wo  huvo  no 
asaurance  ;  and   it  ahould   b«  no  matter  of  aurpri»«5  if  the   muuiu 
thing  occurred  again  in  leaa  than  twelve  montha.     Sonio  auKKto 
tiona  have  been  made  with  a  view  Uf  thia  which  are  move  oi  I..«h 
worthy  of  conaideration. 

It  hM  beon  aaid  that  tha  oaro-taker  at  tho  roaervoir  ahould  Iw 
placed  in  oommunication  with  the  onginoor'a  otiico  by  uwam  of 
UsUphone  or  teUgraph.  Such  an  arrangnwont  uiight  Ihj  uuoful  on 
many  oocaaiona  when  work  woa  Injing  done  or  inimediato  iufbrniu 
tion  required,  aa  in  Ireahet  timea,  of  the  statu  of  the  reaijrvoiruuj 
waate  way,  but  I  do  not  think  it  would  have  avortod  tho"  recent 
accident ;  aa  the  care-taker  hod  no  reason  to  believe  that  anchor 
ice  waa  being  formed,  and  found  at  5  p.  m.,— an  hour  only  before 
the  atoppage  took  place— the  uaual  height  or  dcp>h  of  water  iii  tho 

Qftte  House  well         ■ 

*      ■'.  ■  '     ■ 
Such  a  line  of  communication  would  have  been  of  great  fervice 
however,  liad  it  existed  when  the  interruption  oooured  and  would 
have  saved  some  Mum  or  four  k<iur»  of  valuable  Ume,  which  wa« 
spent  in  searching  for  the  cause.    This  in  itself  U  a  weighty  point      ^ 
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|n  fftTor  of  tli«  itiggMtion  Mifl  ahmiM  oommAtKl  U  itrnnxTy  to  jottr 
»ppror»l. 

Ai  thare  am  no  talaipraphio  wiro*  on  oithor  oi  th«  I.<ooh  I/)fhoncl 
yotd*,  tlio  whole  oott  uf  oonatructiua  m  well  m  of  mAtntoining  anil 
working  would  k«vt  to  \m  bomo,  for  the  preaont  at  leMi,  by  Uio 
'Water  De|Mu-tni«nt  Mr.  HobinaoD,  of  the  Weatom  Union  Tele- 
graph Oa,  oatimatea  the  firat  outlay  at  about  fSOO.OO  and  the 
•nnoal  working  and  maintaining  at  about  |5().0O,  exoljMivo  of 
labor,  but  both  eatimatea,  the  taat  e«|i«<ii«Ily,  am  only  approximate. 

A  8«oond  Ckkte  HoiUM  , 

lull  alio  iMon  auggoated  ;  and  thin,  nt)  doubt,  would  have  been  a 
valuable  auxiliary  had  it  axiatod  and  iMenJrM/tvtn  iet.  The  lilt 
named  condition  w^uld  h«Te  defiended,  hojfreTor,  on  ita  {XNiition 
Mud  whethef  it  was  exempt  from  the  phjmiral  inflitencea  which 
«le8troyod  for  a  time  the  uaefulneiw  of  the  pnwent  one.  Hail  th^y 
lioeu  near  one  another,  that  ia  to  nay  placed  anywhere  in  the  dam 
or  In  the  oore  'that  lea4a  to  the  waste  way,  thero  in  reaiton  to  be- 
lioTa  that  both  wodld  have  boon  affaoted  aliko— rta  the  o|ien, 
agitated  water  oxU^nded  along  tho  whole  front  of  the  dam  as  well 
.  as  into  tho  waato  way  cove. 

To  undentand  this  properly  it  may  be  necemary  to  explain,  that 
thero  was  firat,  immediately  outside  of  the  dam,  a  strip  of  thin 
ahoU  ioo  which  adhered  to  the  face  of  the  embankment  and  fol- 
lowed the  shoro  line  ihto  the  core  as  shewn  on  the  accompanying 
sketch ;  («m  Sheei  No.  3)  next  a  body  of  open  water  about  100 
faet  or  more  wide,  and  beyond  thia  again  ice  or  frosen  water, 
-which  covered  the  greater  port  of  tho  roaervoir.  The  open  water 
WAS  kept  from  freezing,  though  its  temperature  was  donbtleasly 
Iwlow  33*,  by  tho  gusty  galo  which  hod  been  blowing  from  the 
night  of  the  'JOth,  f  ud  remoinedxmen  until  the  wind  began  to 
anbaide  on  tho  23rd.  ^^    \ 

A  Gate  House  placed  at  a  point  protootod  from  this  fierce  wind 
and  fed  from  ico  covered  water,  would  probably  have  remained 
Qpen,  and  proved  of  great  service  in   restoring  the  supply,  but  I 
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lb  Hal  kunm  wimf  It  nraM  Imv0  hmn  fikrmi  m  amh  •  nlglii  10 
»iiiva  gti«r»t»l«w«l  (111  tianfuttt«m  Kttr  to  U  rtMUMiHiry  In  Uvt  iim)V» 
ihMi  o«-  nwHn  IttlUiw  from  •  iBrvii*  rmmttAr  to  »  Oftto  ItiHHHi 
9vm  wImm  MkeiMr  Imi  1«  »liiM»t  AH  iknntiiil  tMlMVI,  m  Ui«  |tk)r«i««i 
iiiltuMwm  wllkik  wtNikl  4Milfny  ihti  ofi«  wtmkl  W  «lMMMi  (wn«iM  4^> 
ii«iitmy  fcki*  <>ill«f  Al  thd  Mkliia  UnM, 

«<«itoiitrtMtii«^  ol  ft  »»•«'  <J«l«i  llim«i«»  •  i»Uh  iriHow  »)ir|  mitA(»w  «»«l^ 
v«rU  wmitil  Imi  11  work  td  imi  ini*U  (liAttilljr  »ii«l  <liinf«r,  iiimI 
tmum  |tnilNil4y,  miii*  nMMi<l»r»lil«  iiilcNrrttiHkm  to  ihm  wmtor  tutttily 
of  i|i»  C%  Aud  i*ury«tML  1  tfuiiltl  Ml  mIvIm  IIa  hdn§  Mwlvrtoheo 

^ttl  |>rMMnt,  nor  until  tli««t  ki,  «t  ItNitt,  »  r«niM>imt»l«  iirtMfMWl  vt  ila 
Mng  A  lulwtMitkt  Uti|»^vvni«iit  wUon  rtmittl«t«l..  Ami  I  mifbt 
doo  imUI  that,  from  an  imgiiiMtriiiK  RUuuliMtint,  it  i«  klwRji  coti- 
Hiilnrml  |inlil«tnt  tii  Imvd  m  fnW  0|MningN  m  iMMihle  in  rrMMrvoir 
omlxiukmontii  lik«  our*  ,  m  «vwy  nucli  o|i<ining  Bi««lo  for  [^^  or- 
(mlv«ri  If  inoro  or  I«m  »  fMui  of  wtwltnew. 

Tlio  |iraMitt  (iaio  IfmiM  ia  grtNitlx  Mimlbr  thnn  It  Rlwmiil  Ui 
iu)f|  iaoonvmiimit  in  numy  wmyn,  Imt  tU  inUt  eutvitrt  in  Ufgn  muI 
(»|iAcluui.  It  WM  hulK  by  tlifl  W«t«r,Conn«ny  in  tli«  f»ll  of 
1B40,  wU«»  tlto  |>r<NM)nt  work*  w«ni  «i(iUiliNbo<t  on  UtU«  River«— 
from  |>Utui  fumbhiMl  hy  (imirK"  K  l)«ill«iy,  (Mvil  F.iiKine«*r,  Ikwtun 
■-.luut  liM  UMin  ftllowtHl  to  mmati^fui  originally  tmilt,  fruni  tho 
UiHicultiiHi  which  aUwiI  in  tho  way  of  lit  raconairuotion  or  on- 
largomont  Thia  ({uoatiou  waa  fnlly  oonai«l«n»il  l>y  tho  aUu 
onginoora  JAtvmn.  Hladoaml  McKoan,  who  wim^  conaultoil  in  1800 
on  tho  beat  nioana  of  improving  our  then  wator  iiu|i|»ly ;  and  Hw 
rooaona  whtoh  tiuai  |»rQvailotl  againat  doing  anything  Rtill  oximI, 
via.:  tho   lyiigthy    i»l«rini|>tiou   it  would  proUMy  occnaion  to  tho 

'  wator  supply,  ami  th«  unforoacon  tlirtlciiltifiH  and  dangera  tliat  would 
uriao  ifrom  ofiening  and  oloaing  tho  old  eml»ankniont— now  ao 
aUongly  j&nd  thoroughly  conaolidatod.  Kad  wfl,  howover,  a  con- 
uooiion  with  Loch  Iximond  I  would  atrongly  urgo  an  onlargomont 
of  tho  preaont  Qato  Houao  or  tho  conatnictitm  of  a  now  on« 
altogothor ;  but  until  thia  lung  unticiimtod  and  mudi  roquirod  oK- 
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toiulon  ii,  ,„ado  it  would  not  Ik,    ,,ni<I«„t  to  .ttempt  any  rmdicl 
UtrRivr'""'^'"  ""*'**  ^'  *'"*''"'  "''*  """•"  •rrango.nent  on 
Another  ,nggmU>d  wourfty  ttg»in.t  •  total  doprivaUon  of  water 
M  took  place  M  ■ud.lanly  on  tho  32nd  ultimo,  i«  an  addiUoual 

Bervioe  Reservoir 
capable  of  containing  not  Iom  U.au  cue  w««k'.  .upply,  and  a«  much 
more  M  ,K>«uble.     This  in  certainly  a  mo«t  deairable  thing,  could  a 

^^^■u^.  '^  "*"*"  ^  *''''"'"«*'  "*  *»>«  immediate  neighbor^ 
hood  of  the  C.ty.  and  tho  coet  of  comitruction  not  too  great!  a.  it 
-calmly  could  be  moaauro.1  by  tho  magnitude  of  the  inconvonien6«, 
of,  the  loM  and  of  tho  danger  that  follow  a  .layVBu«,K,naion,  oven 
of  our  orduuiry  water  .upply.  This  I  have  rocommonde<I  in  forn,! 
or  report,  and  when  doing  «o  on  one  occasion  Huun»ariHo<l  the  ad- 
vantages  that  wouhl.accrue  an  follows,  viz.:—     » 

^.i^'  Before  q.iitting  this  diviaion  of  my  ro,K,rt,  I  consider  it  my 

du^  to  press  earnestly  on  your  attention  the  nocesmty  of  having 

an  .nferm*/ia^  r«.m,,>  constructed  at  an  early  day,  tho  site 

'.^•mtable  for   wluch   u.  known  to  you.     It  may  be  true  that  at 

present  It  i.  not  much  wanted  and  that  if  no  accident  happen  to 

^^  Lattle  River  reservoir,  or  the  mains  that  lea.1  fr«m  thence  to  the 
City,  It  may  not  be  required  for  some  year,;  but  Without  one 

Jhe  City  supply  ui  „ot  as  «ife  m>r  as  perfect  as  it  should  be. 

^  We  have  no  guarantee  of  immunity  from  accident  any  more 
than  others,  and,  in  the  meantime,  did  any  serious  casualty  be. 
fall,  or  circuinstances  necessitate  the  emptying  and  cleaning  of  our 
pt-e«,nt  reservoir  the  City  would  be  at  once  deprived  of  water 
unti  the  defect  was  repaired,  whether  it  took  a  day,  a  week,  or  a 
month.  V  •  ,,.• 

"In  the  watersupplyof  a  City  nothing  should  be  left  tohward-  A 
^^  Everything  should  be  perfect  and  if  possible  duplicated  to  such 

«  ZZ^^    ".^  """**"'  ^*^"^P'»°«  '*>'  '^y  lengthened  period 

''impossible     WW  IS  done,   is  well  done,   but  not    ext^sive 

onough.     A  reservoir  of  the  kind  proposed,  capable  of  contain- 
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"  Ing  tkrMor  /odf  Wook«' iiopply,  ig  ttill  wantod  aikI  i*  n  i\octmnty 
"  a|>iMinrUgn  to  workii  likfl  ouni,  without  whloh  th«y  aro  not  com- 
"  plate  ;  m  thoro  ii  a  daily  rink  which  it  in  not  prudont  to  cmitiiiuo 
"  only  for  th0  RhortoRt  tinio  {KHwihlo. 

"  Tho  conMquoncoH  involveMl  in  a  longthonod  inU.'mr|.tion  to  tho 
••  iiRunl  wftt<ir  Rupply  of  tho  City  ai«  roHouh  to  oontoniplato  ;  an<l 
"  without  regard  to  domoRtio  and  manufacturing  convonionco, 
"  nught  ontail  a  <liit)ct  Iorr  by  firo,  iu  a  fow  houni  upon  the  City, 
"  far  lM)yon<l  the  whole  coRt  of  tho  work  contemplatod. 

"  IJut  without  roganl  to  uccidont  an  intorme<Uato  roRorvoir  muRt 
"  Booner  or  later  bo  built.  Without  it  our  preaent  roRcrvoir  can 
"  never  bo  projierly  cleaned ;  and  it  ia  to  bo  oxp«H5t«Hl  from  tlie 
"  uncleared,  jwaty  nature  of  tho  collecting  grouwl  Uiat  a  time  in 
"  coming  when  it  will  be  ab«olut«ily  necoHnary  for  tho  jrtirity  of  tho 
"  water  to  empty  thia  rosorvoir  and  rmnovo  tho  accumulated 
"  vogotablb  mattflr  which  ia  brought  down  in  groat  quantity  by 
"  every  flood. 

"  No  doubt  from  the  grade  adopted  in  laying  the  94  inch  main, 
"  water  would  find  ita  way  into  tho  City  although  the  greater  part 
"  of  tho  present  head  was  removed ;  but  it  ghoul^l  bo  borne  in 
"  mind,  that  wore  it  necesRary,  for  any  cause,  to  empty  the  reser- 
"  voir  and  clean  it,  the  diacharging  and  supplying  water  must  bo 
"conveyed  to  the  Gate  House,  through  tho  same  culvert  amtit 
"would  become  so  riled  and  contaminated  with  vegetable  ajid 
"  other  oi^anic  Rubetances,  washed  up-  and  carried  about  by  tijio 
»  effluent  current,  that  in  all  probability  it  would  be  quite  unfit 
"  for  use. 

"  An  intermediate  reservoir  would,  it  must  be  readily  perceived} 
"not  only  give  great  additional  safety  to  the  City,  but  allow  tlio  • 
"mains  and  stop  cocks  to  be  properly  flushed  and  leisurely  ex-  ' 
"  amined  and  repaired  whenever  necessary;  it  would  also  allow 
^'  the  reservoir  to  be  Emptied  and  cleaned  as  of  ton  as  occasion  ro-  ' 
'quired;  and   when  the  time  came,  as  come  it  must,  that  the 
•' draft -8h  tho  mains  by  day  was  more  than  they  could  furnish, 
"  this  reservoir  would  be  an  equalizer  and  regulator  of  the  flow, 
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"  M  itormg  tk«  Riirptui  by  night  to  moot  thii  dxirt  (iomaud  by  dnyi 
"(Mul  by  thii  moana  Boouriiig  a  bottor  gfluoral  hntwl  than  otlior- 
"  wiao  couhl  be  had. 

"  From  th<»o  coniiiderationff,  I  think  it  vory  dodirablo  that  •omo 
*'  hiittatory  Mtt^w  ahouKl  l>o  taken  before  long  for  the  promotion  of 
••  this  moat  doairablo  object"    (R$port  18016,  1804  m^  1807.) 

The  si  to  roforrod  to  almvo  ua  auitable  for  an  interniudiato  ronor- 
voir  in  connection  with  our  ^ttle  River  ayiitem  of  aupiily,  ih  on 
tho  Wilson  farm,  near  tho  upiwr  end  of  what  is  oalloil  by  aomo  the 
"  Trafton  VaUoy,"  to  tho  oaatward  of  tho  ohl  Weitniorland  road. 
(See  sheet  No.  4)-  By  tho  erection  of  on  emliankmont  ocrowi  tho 
lower  end  of  thin  valley,  a  ronervoir  could  bo  constructotl  which 
would  have  a  water  surfaco  when  full  of  about  eighteen  oorefi,  and 
an  average  dapth  oi  about  ton  fdi^t 

The  bottom  of  tliis  ireaervoir  would  be  on  about  the  same  level 
08  that  of  our  present  Leinator  Street  reaorvoir  and  ita  capacity 
would  bo  equal,  to  ftbout  one  week'a  aupply  at  our  proaont  rate  of 
consumption.  The  maximum  surfaco  level  woidd  be  ah^t  140 
foot  above  City  datum,  or  20  feet  Iwlow  that  of  Little  River  reser- 
voir. To  bring  the  water  to  the  City  a  main  or  mains  of  suitable 
sice  would  have  to  be  laid  between  ita  outlet  and  tlio  aboidean. 
I  have  not  made  any  estimate  of  tho  probable  cost,  but  it  would, 
exceed  considerably  that  of  an  extra  gate  houao  and  pijie  chamber. 
It  would,  however,  be  a  much  more  valuable  auxiliary  in  cose  of 
accident  and  greatly  more  so  in  caae  of  fire.  B€t  tho  pressure  at 
best  would  be  low  and  diminish  with  the  draft,  when  the  latter 
was  taken  from  the  impounded  water  alone ;  as  it  would  neces- 
sarily be  when  the  aupply  waa_cut  off  as  on  tho  22nd  ultimo.  But 
allowing  for  this  defect  it  would  atill  be  of  incalulable  value  as  a 
Bupplementay  supply  when  o^er -sources  failed.    .  " 

In  view  of  a  ][>robable  extension  to  Loch  Lomond  at  an  early 
disiy  it  may  not  be  thought  immediately  necessary  to  construct  tliis 
reservoir,  but  i^j^ference  to  this,  it  may  be  said  that  although  wo 
hadour  mains  extended  to  Loch  Lomond,  and  had  a  high  and  low 
service  supply  in  full  operation,  thia.  reservoir  would  still  be  a 
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".ihi«  moat  (Itwiral 
Thp  aito  roforro 

voir  in  conncntion  . 

tiio  WiUon  tmtm, 

"  Tmiton  Valley ,' 

(Sea  thett  N^o.  4.} 

lower  ond  of  this    ' 

would  have  ft  waf 

an  avoroga  dapth  III  ^ 

The  iMttom  of  \mt'      '* 
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would  bb  equal  t^  .x'  " 
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aluftbla  »p|i«)nd«|(«  tjO  otir  watm*  aupplj,  and  iMrticulM-ly  to  Um 
}w  MTviM,  (o  which  it  would  rwUly  Ubng. 

B«»ffNti  iMving  thia  aubjoot  it  tnmj  b«  profMir  to  remark  that 
MM  of  th«  advantag«Mi  olaimmt  (or  nn  iiit«miatliat«  rmuryoit,  in 
h«  axtrmotii  giv«n  abovs;  nuch  an  tha  flu|ihiii|t  and  rr|Miiring  of 
naina  and  at<)|voooka,  worn  aoournd  in  iHTtl  wlinii  the  '24  inch  pi|Mi 
raa  laid  (mm  tho  alK>idflan  to  Iii^l«  Kiver. 

B«aid«a  tho  foregoing  th«  oonn«oting  of 

,  Lily  Lake 

rith  our  prnaont  reaervoir  haa  IxMin  atifi^gflatad  for  Are  an<i  other 
kurpoaea. 

The  value  of  thia  lake  for  dty  uae  waa  fully  teated  by  the  old 
rater  ooinjiany  previoua  to  removing  their  worka  to  liittle  River, 
n  1850 — the  water  aupply  of  tkaupity  liavuig  been  drawn  from 
Jiia  aouroe^  for  upwarda  of  thirteen  (13)  year*. 

It  ia  deficient  in  elevation  aa  well  ■■  aa  in  atorago  capacity  aind 
rainagu  area,  and  iM^water  ia  greatly  inferior  to  that  of  Little 
liver  for  domeatio  and  manufacturing  purpoaea. 

The  aurface  water  of  thia  lake  ia  about  eigbty  (80)  fe«t  above 
Dity  datum,  while  the  bottom  of  bur  LeinateV  atreet  reaervoir  ia 
one  hundred  and  twenty-three  (123)  hr  forty-three  (43)  feet  higher 
than  the  aurface  water  of  the  lake. .  ^ 

When  thia  lake  waa  uaed  by  the  old  water  coinpiMiyf  the  aupply 
>f  water  for  the  City,  waa  pumped  into  the  Leinater  ajl^reet  roaer- 
voir  three  or  lour  timea  a  week,  and  doled  out  daily  between  the 
houni  of  6  and  8  a.  m.  .For  22  houra  oul  of  the  24  the  water  ifaa 
^ut  ofl',  unleaa  an  alarm  of  fire  waa  given,  when  the  reaervoir  hiul 
to  be  opened  and  the  pipoa  filled  before  any  could  be  gotforlta 
Buppreaiuon  from  thei  City  fire  pluga.  The  daily  demand  waa  then 
about  25,000  gallona,  now  it  ia  more  than  two  hundred  tinvee  that 
^uantity^— and  even  then  in  dry  aeaa&na  thia  lake  waa  barely  able 
to  famiah  the  aijiall  aupply  required  of  it  Ita  capacity  and 
elevation  could  be  raimd  to  aome  extent  by  raising  the  dam  at  ita 
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oatlut,  but  no«  mttaifOitXy  m  to  put  •nj  )»rt  of  ill  wttl«r  into  Ui« 
LdiMt«r  Ntnmt  rwnnrotr  by  nmvilAtion.      <^    . 

To  malm  th«  waliir  of  thif  Ukm  iMnful  tliftrwl^rt,  M  %  •hort  lim* 
■upply.  in  flrn  aMMon*.  or  whun  othmr  fHaitxnltm  fttilwt.  nxtMwiva 
pumping  works  would  httv*  to  b«  •motfiit  aitd  in»iiitiiinr<l  in  ■% 
oonHtant  atAtn  of  rMMiiiKMH  ;  »n<l  auoh  m«Mihiuiicmt  Arnuig«m«nta 
uuMln  M  would  Nhut  off,  rnttrnly,  tha  ordmary  supply  fmm  littlo 
Kivor,  wh«n  tli«  water  of  thia  Uke  wm  b«ing  u»«l  by  pumping  ,' 
dirwtly  into^  di«tribuUng  main*,  m  in  tha  Holly  luid  WaUtrouii 
•y«t«toia  ;  or  %  return  \t»  mailn  to  thit  old  pnM!tio«  of  pumping  into 
'  ftiid  distributing  from  tliis  old  reservoir. 

In  the  first  niuiimi  (thstis  pumping  directly  Into  the  rosins)  th« 
pressure  in  osss  of  fire  could  bo  run  up  to  »ny  d««ire«l  p«int,  with 
Littlo  River  and  lieinster'htreet  renqrv""""  "''"t  off,  but  the  sutiden 
jerky  str*in  which  would  bo  hurriedly  pUoed  on  house  fittings  St 
well  ss  main  and  servloe  pipss  would  bs  very  destructive  to  such 
M  were  weak  and  worn  and  cause  no  small  inconvenience  and  ex- 
pense to  water  takers.  This  would  be  avoi<led  of  course  by  pump- 
ing as  of  old  into  the  Leinster  street  reservoir,  but  in  that  case 
the  g«nibral  pressure  would  bo  lees  than  it  now  is. 

Th»  wator  of  this  lake  would  b«  a  valuable  acquisition  to  our 
present  system,  on  special  occasions,  could  it  be  pum|)od  into  a 
larg9  re$enmr,  as  has  l)een  pi-ojioee*!,  in  opposition  to  direct  pump- 
ing, elevated  20()  feet  or  more  above  Oity  datum,  or  lay  from  120 
to  UO  fe«t' higher  thao  its  present  surface  level. 

A  reserve  reservoir  in  a  portion  of  this  kind,  kept  constantly 
full  and  capable  of  containing  a  week's  supply  or  more  would  be  a  .. 
nice  thing  to  have  and  be  a  great  additional  security  in  times  of 
fire  and  in  other  exigencies,  but  an  appendage  of  this  kind  built 
of  stone  or  cut  out  of  the  solid  rock  would  involve  a  very  large 
outlay  in  addition  to  what  would  be  required  for  pumps  and  en- 
i^ee ;  mains,  and  gates  and  pressure  rogulaton,  Ac.,  much  more 
probably  than  the  ratepayers  of  Saint  John  and  Portland  would 
be  disposed  to  bear  at  the  present  time ;  with  an  extension  to 
Loch  Lomond  still  in  abeyance. 
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,fof  odncludlng  thi.  Rn»ort»^  would  ^ivkw  imrbwoCmif 

,.t   That  one  or  mote  pip-  be  Wd.  m  tocm-  P"f***"%7* 
1  0.  on  the  n.w  24  u«,b  main,  ^5^  />Am.  5W  i^o  6^ 
old  pi;per  mill  daioe  (milked  D).  «d  .uoh  armig«nent.  «n«de 
nukj  be  neoeM»ry  to  •ecure  a  .       * 

Supplementary  Bupply 
^  of  other  intamipUoDB.  By  an  arrangement  of  thi.  kmd 
.  water  would  be  taken,  of  oou«e.  f«.m  the  -^/^  *^^ 
I  contain.  proUbly.  more  .u.pended  matter  than  ^^JT^^  , 
.wnfmm  a  lower  point ;  but  not  to  an  extent  *«  ««^  ^^ 
rtionable.  nor  to  oau«.  unea.ine«i,  a.  when  the  ground  ui  fro^ 
Mtrd.  M  it  neoe-arily  would  be  under  the  oondiUon.  «>»'^^^ 
heri  would  be  little  chance  of  much  impurity  being  al-oAed  by 
he  water  on  ita  way  to  the  rewrvoir. 

A  connection  of  thi.  wrt  would  an.wer  praotioally  for  a  g^ta 
lOUM  .0  long  a.  the  inlet  end  of  the  .luice  wa.  free  ««>«»  «*  •»« 
the  mirfaoeTevl  of  the  r-ervoir  maintained  ;  but  the  extent  ol 
if  ««rfulne«  would  be  me«iured  and  limited  to  l«fge  extent  \>J 
the  U-t  named  circum.tanoe.  Both  condition,  were  favor»Ueon 
the  night  of  the  22nd  ultimo,  and  arrangement.  h«l  ^""^^^ 
for  making  thi.  connection  witii  aU  po«dble  .peed  ^hwi  theioi 
Wded  to  our  effort,  and  di«.ppeared  from  (Hte  Hou«»  and  culveri 

Thi.  work  cannot  be  weU  done,  however,  at  thi.  w»wn  of  the 
year,  nor  wotild  it  be  adviwble  to  attempt  it  before  .the  .pnng 
time,  if  poMible;  b%t  I  propow  to  have  tixe  nece««ry  pipeisto.. 
sent  out  a.  .oon  «i  the  going  i.  «iffidentiy  good  for  th»  pun-^ 
that  they  may  be  on  hand  and  ready  when  wwited.     I  iroaW  •!» 

advise  -  .        k* 

(2).  Th»t  a  careful  and  continued  wrie.  ol  obwrvatiom  ^ 
made  at  rtated  hour,  daily  on  the 

Temperature  of  the  Water 
in  the  Gate  Houie  at  and  below  it.  mirf^  ktd-im  the  air  of 
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ib«  Oftte  House  and  on  the  open  air  ontaide  of  th«  same ;  alao  on 
th«  sky  noting  ita  degree  of  clouding  and  the  general  force  And 
direction  of  the  wind. 

Such  obairrvationa  inay  not  amount  to  much,  praotioalTy,  bat  if 
it  be  ai  «tated  I17  authorities  on  thia  lubject  that  wheta  anchor  ioe 
begina  to  form  the  water  is  at  or  below  32*  Pah.,  the  thermometer 
in  observant  hands 'wil{  shew  when  thili  point  js  beiiig  approached, 
or  reached,  by  the  water  in  the  gate  house  w«ll  and  to  this  extent 
give  notice  of.  approaching  danger ;  unless  indeed  the  change,  from 
the  on«  sti^te  to  the  other,  be  extremely  sudden,  as  ^^ttMf  go<Ml 
reasons  for  believing  it  is,  at  times,  when  the  condi^H^n  em- 
inently favorable.  ''P??'^;-.,^.:.  ■■ 

Observations  of  the  kind  «u£^ted  were  commenced  on  the 
*J3rd  ultimo  And  hav»been  continu<kl  since,  but  they  are  hot  as 
full  nor  as  frequent  as  they  should  be  when  roliabl^  stationary 
instruments  ire  received  and  jplaced,  ready  fdf  use.  The  ther- 
mometer used  in  this  work  shoiild  be  accurate  and  trusiwor^  in 
every  way,  at  without  this  the  observa^tions  would  be  abs(Hutely 
Useless.  I  have  failed,  so  far,  to  0nd  self-registering  instruments 
4f  this  character  in  the  City  and  think  tHey  will  have  to  be  order- 
ed from  some  maker  of  standing ;  such  as  Negrette  and  Zambra, 
or  Oassela  of  London,  England. 

.  (3).  In  «dditioQ  to  the  thermal  obseiVations  just  noted  I  would 
recommend  another  class  of  observations  having  for  their. object 
the-  .  •  /  '■■'■^ 

Bariy  Detection  of  Ioe 

when  it  begins  to  form  fund  float  about  in  the  water  waiting  aait 
^e^^e^ior  eomethung  to  ding  to.  The  Detroit  divers  yiop  will  re- 
oplleotunr  in  thdr' winter  descent "  large  quantitiee  of  minute 
crystals  of  ice"  float  in  the  water  fur  below  its  inirfact,  and  Mr. 
Francis  says  that  these  crystals  have  a  strong  tendency  to  adhere 
to  each  other  and  to  any  othw  solid  body  they  may  oome  inoontaet 
with.'^  .'■  ■■■.'■■■.:    ■ 

Now  yriuA  %  propbae  to  do  is  to  immerse  in  tiie.  gate  house  well 
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•  Vox  flUad  with  inm  ihdvw  iiuOde  And  pitroAd  on  *tho  outeido 
for  the  admiuion  of  waicr  m  a  nucleui  or  artificial  oenti-v  of 
aooration  to  which  the  ice  tnaf  •dherft,  if  prewnt,  and  bj  the  with- 
dn^wal  of  which  it  ipay  b«  brought  to  the  lurtaoe  and  diaoovered; 

Thia  box,  or  joe  detector  aa  it  may  be  called,  I  wouhl  have  ex- 
amined three  or  four  timea  a  day  during  the  winter  leaaon,  and 
hourly  or  oftener  when  theoonditioni  under  which  the  anchor  ice 
ii  known  to  form  prevailed.  r  » 

I  do  not  know  that  thi*  or  the  thermal  obaervationa  raggeated 
will  prove  of  much  practical  value,  but  aa  the  reaponaibilitiea  are 
great  and  our  opportunitiea  ample  for  putting  to  proof  the  Uwta 
proposed,  they  are  worthy,  at  least,  dl  a  trjbl  whether  they  luopeed 
or  not  Both  are  but  experimenta ;  theguooeaa  or  failure  of  which 
it  may  take  yean  to  determine  ahould  suoceedihg  seasona  prove 
unfavorable  to  the  formation  of  anchor  ice,  aa  I  aincenSly  hope 
"they  will. 

(4).  The  only  other  suggestion  I  have  now  to  nwke  in  referenoct 
fo  the  future  is  that  a 

BaJft  Of  Buitftble  GUae 

be'made  and  moored  early  next  winter  over  the  outlet  cind  of  the 
inlet  culvert,  not  so  much  with  a  view  to  stop  radiation  and  pre-^ 
vent  the  making  of  anchor  ice  as  t&  give  a  mesne  of  access  to  it, 
should  it  exist,  and  an  opportunity  of  starting  it  with  bars  or  such 
oihor  tools  as  may  be  found  best  fitted  for  the  work  of  loosening. 
^During  the  recent  stoppage  a  raft  had  to  be  made  and  launched 
for  this  purpose  which  necessarily  occupied  ooiisiderable  time; 

Another  subject  which  is  worty  of  oonsideration-^not  only,  in 
relation  to  total  suspensions,  of  supply — but  also  with  reference  to 
a  m<nre  eflioienie  protection  .<^  the.  higher  parts  of  the  City  is  that  Of 

placed  at  such  points  as  in  the  judgment  of  the  fire  department  of 
Saint  John  «4^  Portland'  they  would  be  most  serviceable.  Ar- 
rangements of  this  kind  exist  in  New  York,  in  Boston,  in  Chicago, 
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«  in  DeiKrii  And  in  numy  other  pUoM  in  addiUon  to  fin  hydijUiW 

Mid  are  nuJnUinod  with  m  mttih  oare.  '       .         »• 

■  *     "  '.  ■  "    ■ 

Their  uMfuIneM  Vonid   bo  mnuiured  of  oonrae  by  the  qoahtity, 

of  wfttor  they  oontoined  but  in  the  omo  of  «  tf>ta}  nmpendon  •■ 

on   the  night  of  tlie  22nd  ultimo,  mi  hour^iupply  even  m^ht    ^^ 

prove  of  inanlouUMe  vslue  in  Mruating  the  progreM  of  a  newly 

diaoovered  Are.  >  *    .      ' 

'  Some  of  the  old  welhi  thitt  formerly  exliit«d  in  the  Ol^—euoh 
M  that  oh  the  northern  mde  of  King  8quM« — ehould  be  eleMfed 
out  and  reeerved  for  worl^  of  this  kind.  Thie  ia,a  matter  of  do 
■mall  importance  and  ahoutd  ,not  be  overlooked  by  the  pn^tlP 
anthoritieft  •    .  /   . 

The  aboiee  reoommendationa  it  may   be  remarked  are    miW 
iti^tialfy  the  same  aa  were  nmrle  in  my  Report^  of  l^di  <uid  I860. 

/  Beepeotfully  submitted, "  ■      ' 

'  V  OILbERT  "MURDOCH, 

Supt.  S,  and  W.  1i^ork$. 
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